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Claim 

1. A compound of the formula Z 



COOR 




in which 



O pH - NH - CH - (CH 2 ) n - C - X 



R1 



to. 



n denotes 0 or 1, 

R denotes hydrogen, (C^j to C^)-aLkyl or aralkyl 
having 7 to 9 carbon atoms, 

R denotes hydrogen or (C^ to C^)-alkyl which 

can optionally be substituted by amino, (C<j to C^)- 

acylamino or bcnzoy I ami no, (C2 to C 6 )-alkenyl, 
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(C5 to C 9 )-cycloa Iky I, (C 5 to C 9 ) - cy c I oa.l keny t , 
CC 5 to C ? )-cyc loalkyl-CC^ to C 4 )-alkyl, (C 6 to 
C-|Q.)-aryL or partially hydrogen.at ed (C^ to C^q)- 
aryl, each of which can be substituted by (C-j to 
C 4 )-alkyl, (C-j or C2>~alkoxy or halogen, (C$ 
to C-jQ>-aryl-(C-| to C 4 )-alkyl or (C 7 to C<i<j>- 
aroyl-CC'j to C 4 )-alkyl, both of whichr can be sub- 
stituted, as defined above, in the aryl radical, 
a monocyclic or bicyclic h e t e rocy c I i c r adi ca L hav- 
ing 5 to 7 or 8 to 10 ring atoms, 1 to 2 ring 
atoms of which represent sulfur or oxygen atoms 
and/or 1 to 4 ring atoms of which represent nitrogen 

atoms, or an optionally pr ot ec t ed' s i de chain of 

♦ 

a naturally occurring />crami noac i d, 

R 2 denotes hydrogen, (C 1 to C 6 )-alkyl, <C 2 to C fi 5- 

alkenyl or (C 6 to C 10 >-ary L- <C-| to C 4 )-alkyl, 

Y denotes hydrogen or hydroxyl, 
2 denotes hydrogen or 

Y and Z together denote oxygen and 

X denotes .(Cj to C 6 )-alkyl, (C 2 to C 6 >-alkenyl, 
(C 5 to C 9 )-cycloalky I or (C 6 to C 10 >-aryl, which 
can be monosubst i tut ed, di subst i tuted or trisub- 
stituted by (C-j to C 4 )-alkyl, (C-, to C 4 )-alkoxy, 
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hydroxyl, halogen / nitro, amino, (C<| to C 4 )-alkyl- 
amino, di -CC 1 to C 4) -a I ky Lami no and/or methylene- 

1 

dioxy, or denotes 3-indolyl, 
and also phy s i o Logi ca L Ly acceptable salts thereof. 
2. * A compound of the formula I as claimed in claim 

1, wherein the carbon atom in position 3 of the bicyclic 
ring system and the carbon atoms marked with, a star in 

the side chain have the S-conf i gurat i on in each case. 

8. A compound of the formula III in which W has the 

meaning defined in claim 4.. 
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aroyl-(C-| to C 4 )-alkyl, both of which can be sub- 
stituted, as defined above, in the aryl radical, 
a monocyclic or bicyclic heterocyclic radical hav- 
ing 5 to 7 or 8 to 10 ring atoms, 1 to 2 ring 
5 atoms of which represent sulfur or oxygen atoms 

and/or 1 to 4 ring atoms of which represent nitrogen 
atoms, or an optionally protected side chain of 
a naturally occurring <*rami noac i d, 

R 2 denotes hydrogen, (C 1 to C 6 )-alkyl, (C 2 to C 6 )- 
10 alkenyl or CC 6 to C 10 )-ary l-(C 1 to C4>-alkyl, 

Y denotes hydrogen or hydroxyl, 
Z denotes hydrogen ot 

Y and 2 together denote oxygen and 

X denotes (C 1 to C 6 >-alkyl, (C 2 to C 6 )-alkenyl, 
15 (Cj to C 9 )-cyc loa Iky I or (C 6 to C-jQ>-aryl, which 

can be monosubst i tuted, di substituted or trisub- 
stituted by ((^ to C 4 )-alkyl, (C-j to C 4 )-alkoxy, 
hydroxyl, halogen, nitro, amino, (C-j to C^^alkyl- 
amino, d i - C C -j to C 4 ) -a Iky lami no and/or methylene- 
20 dipxy, or denotes 3-indolyl, 

and also physiologically acceptable salts thereof. 

Suitable salts are, in particular, alkali metal 
and alkaline earth metal salts, salts with physiologically 
acceptable amines and salts with inorganic or organic 
25 acids, such as, for example, HCl, HBr, H 2 S0 4 , maleic acid 
or f umari c acid. 

Here and in the following text, aryl is to be 
understood as meaning preferably opt i ona I ly subst i tut ed 
phenyl or naphthyl, and a^royl is to be understood as 



meaning preferably optionally substituted benzoyl or naph- 
thoyl. Alkyl can be linear or branched. 

A monocyclic or bicyclic heterocyclic radical hav- 
ing 5 to 7 or 8 to 10 ring atoms, 1 to 2 ring atoms of 
5 which represent sulfur or oxygen atoms and/or 1 to 4 ring 
atoms of which represent nitrogen atoms, is to be under- 
stood as meaning, for example, thienyl, benzo Cb3 t h i eny I , 
furyl, pyranyl, benzofuryl, pyrrolyl, imidazolyl, pyrazo- 
lyl, pyridyl, pyrimidinyl, pyridazinyl, indazolyl, iso- 

10 indolyl, indolyl, purinyl, qu i no I i zi ny I , i soqui no I i ny I, 
phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolyl, 
cinnolinyl, pteridinyl, oxaz'olyl, isoxazolyl, thiazolyl 
or isothiazoly I. These radicals can also be partially or 
complete ly hydrogenated. 

15 Examples of naturally occurring cCraminoacids are 

Ala, Val, Len, He, Phe, Ser, Thr, Lys, Hyl, Arg, Asp, 
Asn, Glu, Gin, Cys, Met, Tyr, Pro, Hyp, Trp, His, Orn and 
Ci t. 

If represents a protected side chain of a 
20 naturally occurring olraminoaci d, such as, for example, 
protected Ser, Thr, Asp, Asn, Glu, Gin, Arg, Lys, Hyl, 
Cyl, Orn, Cit, Tyr, Trp, His or Hyp, preferred protective 
groups are the groups which are customary in peptide chem- 
istry (cf. Houben-Weyl, Volume XV/1 and XV/2). If R 1 de- 
25 notes the protected lysine side chain, the known amino 
protective groups are preferred, particularly, however, 
(C-j - C5) -a Ikanoy I . O-protective groups which are pre- 
ferred for tyrosine are methyl or ethyl. 

Compounds of the^formula I contain chiral carbon 



atoms in the C-3 position and also in the carbon atoms 
marked with a star in the side chains. The invention re* 
Lates to both the R-conf i gura t i ons and the S-configura- 
tions at all the centers. The compounds of the formula 1 
can, therefore, exist as optical isomers, as di as t erecmer s, 
as racemates or as mixtures thereof. Preferred compounds 
of the formula I are, however, those in which the carbon 
atom 3 in the bicyclic ring system, and also the carbon 
atoms marked with a star (*) in the side chain, have the 
S-conf i gurat i on. 

Compounds of the formula I which are particularly 
preferred are those in which 1 

n denotes 1, 

R denotes hydrogen or alkyl having 1 to 4 carbon 
atoms, 

R^ denotes hydrogen, (C^ to C3>-alkyl, the opti- 
onally acylated side chain of Lysine, (C 2 or C3)- 
alkenyl, the Q-(C<\ to C 6 )-a Iky lated side chain of 
tyrosine, benzyl, phenethyl, 4-aminobutyl or benz- 
oylmethyl, 

R 2 denotes hydrogen, (C-j to C^-alkyl or benzyl 
and 

X denotes cyclohexyl or phenyl which can be mono- 
substituted or di substi tut ed or, in the case of 
methoxy, tri substi tuted by (C-j or C 2 >-aLkyl, (C-j 
or Cj^-alkoxy, hydroxyl, fluorine, chlorine, 
bromine, amino, (C-j to C^-a Iky lami no, di-<C<j 
to C^-alkylamino, nitro and/or met hy lenedi oxy , 
in particular compounds of the formula I in which n 



denotes 1, R denotes hydrogen, R denotes methyl and R* 
denotes hydrogen or ethyl, and the chiral carbon atoms 
which are marked with a star (*) and carbon atom 3 have 
the S-configuration. 

The invention also relates to a process for the 
preparation of the compounds of the formula I. One pro- 
cess variant comprises reacting, in accordance with meth- 
ods of amide formation which are known in peptide chem- 
istry, a compound of the formula II 

Y 

I <II>, 

HO-C-CH-NH-CHr (CH 0 ) "OX 

I 1 I ' 2 I 

R C0 2 R Z . 

in which 

n, R 1 , R 2 , X, Y and Z have the same meanings as 
in formula I, 
with a compound of the formula III 




• H. . 

in which 

W denotes hydrogen or a radical which can be split 
off under acid conditions or by hydrogeno lysi s, 
in particular a tert.-butyl radical or a benzyl 
radical, 

and, if appropriate, subsequently splitting off the radi- 
cal M by treatment with acid or hydrogenat i on and, if 
appropriate, also splitting off the radical R2 by addi- 
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tional treatment with acids or bases, the free carboxylk 
acids being obtained in each case. 

Further processes of synthesis for the preparation 
of the compounds of the formula I in which Y and Z toge- 
5 ther denote oxygen consist in reacting/ in a known manner, 
in a Michael reaction (Organikum, 6th edition, page 492, 
1967), a compound of the formula IV 




(IV), 



in whi ch R 
10 has the same meaning as in formula I and 

U has the same meaning as in formula III, 
with a compound of the formula V 

R 2 0 2 C-CH=CH-CO-X (V), 

i n wh i c h 

R 2 and X have the same meanings as in formula I, 
15 and, if appropriate, splitting off the radical W and/or 
the radical R 2 as described above, or in reacting, in 
a known manner, in a Hannich reaction (Bull. Soc. Chim. 
France 1973, page 625), a compound of the abovement i oned 
formula IV with a compound of the general formula VI in 
20 which R 2 has the same meaning as in formula I and with 
a compound of the general formula VII 

0HC-C0 2 R 2 (VI) X-CO-CH3 (VII), 

in which 

X has the same maaning as in formula I, 
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and, if appropriate, subsequently splitting off the radi- 
cal W and/or the radical R 2 as described above, with the 
formation of the free cnrboxyl groups. 

Compounds of the formula I in which Y and Z are 
each hydrogen can also be prepared by reacting a compound 
of the formula IV mentioned above, in accordance with the 
procedure described in J. Amer. Chen). Soc. 93, 2897 (1971), 

with a compound of the formula VIII 

,2 



C0 2 R 



o = c 



(VIII) , 



\ CH -CH 9 -X 
10 in which z z 



R 2 and X have the same meanings as in formula I, 
reducing the resulting Schiff's bases and then, if appro- 
priate, splitting off the radical W and/or the radical 
R 2 as described above, with the formation of the free 

15 carboxyl groups. The reduction of the Schiff's bases can 
be effected e lec t ro lyt i ca I ly or by means of a reducing 
agent, such as, for example, sodium borohydride or sodium 
cyanoborohydride. 

Compounds of the formula I in which"" Y is hydroxyl 

20 and Z is hydrogen can also be obtained, for example, by 
reducing a compound I which has been obtained in accord- 
ance with the above procedures and in which Y and Z to- 
gether are oxygen. This reduction can be effected by 
means of a reducing agent, such as sodium borohydride and 

25 other complex boranates or, for example, borane-amine com- 
plexes . 

Compounds of the formula I in which R represents 
hydrogen can, if appropriate, be converted by methods 



known per se into their esters of the formula I in which 
R denotes (C<\ to C 6 >-atkyl or (C 7 to C 9 )-aralkyl. 

The invention also relates' to compounds of the 
formula I II 




• H. 

i n whi ch 

U denotes hydrogen or a radical which can be split 
off under acid conditions or by hydrogenolysi s, 
such as tert^-butyl 'or benzyl. 

These compounds are used, in accordance with the 
invention, as starting materials in the synthesis of com- 
pounds of the formula I and can be prepared in accordance 
with the invention 

a) by saponifying a compound of the formula IX 




O 

in which 

R 3 represents a CC 1 to C 6 >-alkyl, aryl-(C-j to C3)- 
alkyl, phenyl, 4-met hoxypheny I or 4-ch lo rop heny I 
radical, in particular a methyl, benzyl , phenyl 
or 4-ch loropheny I radical, 
by means of an alkali metal hydroxide or alkaline earth 
metal hydroxide, in particular barium hydroxide, at 20 to 
150oC, in particular at 6 % 0 to 120oC, in water or mixtures 
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thereof with an organic solvent, such as methanol, ethan L, 
isopropanol, t etrahydrof uran or dioxane, and, if appro- 
priate, esterifying the resulting aminoacid (III/W = hydro- 
gen) in accordance with customary methods of aminoacid 
5 chemistry, or 

b) by reacting a compound of the formula X 




i n wh i ch 

R* denotes a <C 1 to C 6 >-alkyl or aryl-CC-j to C 3 >- 
10 alkyl radical, in particular a methyl, ethyl or 

benzyl radical, and R^ denotes a phenyl, methyl, 
<C<j to C^)-alkoxy or aryl-CC^ to C3)-alkoxy 
radi ca I, 

under the conditions of variant a) with an alkali metal 
15 hydroxide or alkaline earth metal hydroxide, and, if . appro- 
priate, esterifying the resulting aminoacid (III/W = hydro- 
gen), or 

c) by reacting a compound of the formula XI 




20 in which 

R^ has the same meaning as in formula X and 

R6 represents a phenyl, 4-methy Ipheny I or 4- 
chlorophenyl radical, 



first with an alkali metal or alkaline earth metal, in 
particular s dium or calcium, in liquid ammonia at -60° 
to -10°, in particular at -40 to -20°C, and then with an 
alkali metal hydroxide or alkaline earth metal hydroxide, 
5 in particular sodium hydroxide, potassium hydroxide or 
barium hydroxide, at 20° to 120°C, in particular 60 to 
100°C, and, if appropriate, esterifying the product, or 
reversing the sequence of the reaction stages described. 
Compounds of the formula Ix are known from 
10 Tetrahedron 27, page 3119 (1971); compounds of the formula 
X are obtained readily from the dehydro compounds of the 
formula XII 

\:or 5 

which are knoun from J. Chem. Soc. Perkin I, page 2343 
15 (1977), by hy dr ogenat i on in an organic solvent, for ex- 
ample ethyl acetate, in the presence of a catalyst, for 
example palladium on animal charcoal. Compounds of the 
formula XI are similarly obtained by hy drogenat i on, in 
the manner just described, from the compounds which are 
20 known from Chem. Ber. 98, page 1431 (1965). 

The compounds of the formula II in which n is 1, 
Y and Z is hydrogen, R 1 is methyl and R 2 is methyl or ethyl 
and X is phenyl and which are used as starting materials 
for the preparation of the compounds of the formula I are 
25 known EP-A-No. 37,231). The com- 
pounds of the formula II can be prepared by various pro- 
cedures. One variant of \the synth sis starts from a 
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ketone of the formula VII mentioned above, which is re- 
acted, in accordance with known procedures in a Mannich 
reaction, with a compound of the formula VI mentioned 
above together with aminoacid esters of the formula XIII 

5 H 0 N - CH - CO-W VJ'O^C-CH-NH-CH-CH^-CO-X 
2 i 2 2 | I z 

(XIII) (XIV), 

i n wh i ch 

has the meaning mentioned above and 
W denotes a radical which can be split off by 

10 hydrogeno ly si s or under acid conditions, in par- 

ticular a benzyl radical or a tert. -butyl radical, 
to give a compound of the formula XIV in which 

R 1 , R 2 , X and W 1 have the meanings mentioned above, 
subject to the limitation that, if W denotes a 

15 radical which can be split off by hydrogeno lys i s, 

in particular benzyl, R must not have the mean- 
ing of W* . 

If the radical VT is split off by hydrogenolysi s 
with the aid of, for example, palladium, compounds of the 

20 formula II in which Y and Z are hydrogen are obtained at a 
hydrogen absorption of 3 mole equivalents. Stopping the 
hydrogen absorption at 1 mole equivalent gives compounds 
of the formula II in which n is 1 and Y and Z together are 
oxygen, which are also obtained if the radical W in the 

25 formula XIV is split off by means of acids, such as, for 
example, t r i f luoroacet i c acid or hydrochloric acid, in an 
inert organic solvent, strch as, for example, dioxane. 
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Compounds of the formula XIV are also accessible 
in accordance with known procedures by Michael addition 
reactions between a compound of the abovement i oned for- 
mula V and a compound of the abovement i oned formula XIII. 
5 This process is preferentially suitable for the prepara- 
tion of compounds of the formula XIV in which R^ denotes 
methyl, R^ denotes ethyl and X denotes aryl. 

The compounds of the formula XIV are obtained in 
the form of mixtures of di as t e reome rs . Diastereomers of 
10 the formula XIV which are preferred are those in which 
the chiral carbon atoms marked with a star have the S- 
configuration in each case. * These di astereomers can be 
resolved, for example, by crystallization or by chromato- 
graphy, for example over silica gel. The configurations 
15 of the chiral carbon atoms are retained when the radical 
W is subsequently split off. 

The compounds of the abovement i oned formula IV 
which are used as starting materials for the preparation 
of the compounds of the formula I are obtained in accord- 
20 ance with known procedures from the compounds of the for- 
mula III mentioned above by reacting the latter with an 
N-protected 2-ami nocarboxy li c acid of the formula XV 

(XV), 

V - KN - CH - CO-H 

in which 

25 Visa protective group and 

1 

R has the meaning mentioned above. 
An example of a suitable protective group V, which 
is split off again when ^he reaction is complete, is 



tert.-butoxycarbonyl. 

The reaction of a compound of the formula II with 
a compound of the formula III in order to prepare a com- 
pound of the formula I is effected in accordance with a 
5 condensation reaction which is known in peptide chemistry, 
dicyclohexylcarbodiimide and 1-hydroxybenzotriazole, for 
example, being added as the condensation agent. Trifluoro- 
acetic acid or hydrogen chloride are preferably employed 
as acids when the radical W is subsequently split off 
10 under acid conditions. 

The compounds of the formula III which are ob- 
tained in accordance with the procedure described above 
are produced in the form of a mixture and can be separated 
from one another, for example by r ec ryst a 1 1 i zat i on or by 
15 chromatography. 

The compounds of the formula III are produced in 
the form of racemic mixtures and can be employed as such 
in the further syntheses described above. However, they 
can also be employed in the form of pure enantiomers after 
the racemates have been resolved into the optical anti- 
20 podes by means of customary methods, for example via the 
formation of salts with optically active bases or acids. 

If the compounds of the formula I are produced in 
the form of racemates, these can also be split into their 
enantiomers by the customary methods, such as, for example, 
25 via the formation of salts with optically active bases or 
acids, or can be separated by chromatography. 

The compounds, according to the invention, of the 
formula I are present in the form of internal salts if R 
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is hydrogen. As amphoteric compounds, they can form salts 
with acids or with bases. These salts are prepared in a 
customary manner by reaction with one equivalent of acid 
or base. 

5 The compounds of the formula I and their salts 

possess an intense hypotensive action of long duration. 
They are powerful inhibitors of the angiotensin convert* 
ing enzyme (ACE-i nhi bi tors) . They can be employed for 
combating high blood pressure of various origins. It is 

10 also possible to combine them with other hypotensive or 
vasodi lati ve compounds or compounds having a diuretic 
action. Typical representatives of these categories of 
active compounds are described, for example, in Erhardt- 
Ruschig, Arzneimittel ("Medicaments"), 2nd edition, 

15 Weinheim, 1972. Administration can be effected intraven- 
ously, subcutaneously or perorally. 

The dosage for oral administration is 1-100 mg, 
preferably 1-40 mg, per individual dose for an adult. pa- 
tient of normal weight; this corresponds to about 15-1300 

20 pg/kg/day, preferably 15-500 yg/k.g/day. In severe cases, 
the dosage can also be increased, since toxic properties 
have not hitherto been observed. It is also possible to 
reduce the dose, and this is expedient above all if di- 
uretics are administered at the same time. 
25 The compounds according to the invention can be 

administered orally or parenterally in an appropriate 
pharmaceutical formulation. For an oral administration 
form, the active compounds are mixed with the additives 
customary^ for this purpose, such as excipients, stabil- 
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izers or inert diluents, and are converted by customary 
methods into suitable administration forms, such as tab- 
Lets, dragees, dry-filled capsules, aqueous, alcoholic 
or oily suspensions or aqueous, alcoholic or oily solu- 
5 tions. Examples of inert excipients which can be used 
are gum arabic, magnesium carbonate, potassium phosphate, 
lactose, glucose or starch, in particular corn starch. 
The products can be formulated' ei ther as dry granules or 
as moist granules. Examples of suitable oily excipients 

10 or solvents are vegetable or animal oils, such as sun- 
flower oil or cod liver oil. 

For subcutaneous or intravenous administration, 
the active compounds or physiologically acceptable salts 
thereof are converted into a solution, suspension or emul- 

15 sion, if desired together with the substances customary 
for this purpose, such as solubi li zers, etnulsifiers or 
further auxiliaries. The following are examples of suit- 
able solvents for the new active compounds and the corre- 
sponding physiologically acceptable salts: water, physio- 

20 logical sodium chloride solutions or alcohols, for example 
ethanol, propanediol or glycerol, and also sugar solutions, 
such as solutions of glucose or mannitol, or a mixture of 
the various solvents mentioned. 

The extremely high activity of the compounds ac- 

25 cording to formula I is demonstrated by the pharmacologi- 
cal data in the following tables: 

Int raduodena I administration to narcotized rats, 
50% inhibition of the presso reaction initiated by 310 ng 
of angiotensin I 30 minuses after administration in a 
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dose of = Et> 50 : 

Table 

(The compounds Listed possess the S-conf i gurat i on at all 

the asymmetric carbon atoms) 
n X Y Z R 1 R 2 R EDcntug/kg) 



1 


C 6 H 5 


H 


H 


C 2 H 5 


CH 3 


H 


30 


1 


C 6 H 5 


H 


H 


H 


CH 3 


H 


600 


1 


C 6 H 5 




0 - 


C 2 H 5 


CH 3 


H 


340 



The symbols n, X, Y, Z, R, R 1 and R* relate to 
10 the compounds of the formula I. 

The examples which follow serve to illustrate the 
invention without limiting it to the compounds mentioned 
as representatives. 

Unless otherwise specified, the 1H-NMR data quoted 
15 in the following examples were determined by measurement 
in CDCI3 and are quoted in 8 (ppm) . 
Example 1 

Benz *- 1 N- (1 -$-ca rboet hoxy-3-pheny Lpropyl) - S-a I any l-2-aza - 
bic y cloC2»2.2]octan e- 3-S-carboxylate 

20 a ) N-(p -c hlorophenyl)-2-azabicycloC2.2.23oct-5-ene-2 J , 3- 
di ca rbo >:i m i de 

A mixture of 11.4 ml of cy c Lohexadi ene, 7.2 g of 
3-(p-chlorophenyl)-5-methoxyimidazoline-2,4-dione, 6 ml 
of tr i f luoroacet i c acid and 135 ml of toluene is heated 

25 at 100°C for 18 hours. After the mixture has been 

cooled and concentrated, it is ch romatographed over silica 
gel using 1:2 ethyl acetate/cyc lohexane as the mobile 
phase. 1.8 g of pale yellow crystals of melting point 
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171°C are obtained. 
1H-NMR data: 
7.7 - 7.1 (m / 4H>; 
6.6 - 6.1 <m, 2H>; 
5 4.7 - 4.45 (ra, 1H>; 

4.21 (d, J = 2 Hz, 1H); 

3.3 - 3.0 <m, 1H); 

2.4 - 1.0 Cm, 4H). 

b ) N-(p-ch loropheny l)-2-az abi ey e Lo C2 . 2 . 21 oc t ane-2 r 3-d i - 
^ 0 ca rbox i mi d e 

1.8 g of N-(p-chlorophenyl)-2-azabicycloC2.2.2D- 
oct-5-ene-2,3-dicarboximide Hn 30 ml of ethyl acetate, 
with the addition of 100 mg of 10% strength palladium on 
animal charcoal, are hydrogenated at room temperature and 

15 normal pressure. Filtration and concentration gives 1.8 g 
of pale yellow crystals of melting point 189°C. 
1H-NMR data: 
7.40 (s, 4H); 

4.2 - 3.9 (m, 2H); 

20 2.6 - 1.1 Cm, 9H) . 

c > 2-rzabicycloC ?. .2. 23 octane~3-ca r boxylic acid 

1.8 g of N-(p-chloropheny l)-2-azabi eye loC2. 2.23- 
octane-2,3-di carboximi de are added to 6.4 g of barium 
hydroxide octahydrate in 30 ml of dioxane and 30 ml of 

25 water, and the mixture is boiled under reflux for 16 hours. 
The mixture is diluted with 60 ml of uater and neutralized 
by adding solid carbon dioxide, the precipitate is filtered 
off with suction and the filtrate is extracted with ether. 
The aqueous phase is concentrated to dryness, the residue is 
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taken up in a Little isopropanol and the product is pre- 
cipitated with diisopropyl ether. .0.9 g of a colorless, 
amorphous powder is obtained. 
1H-NMR data (D 2 0) : 
5 3.9 - 3.6 <m, 1H>; 
2.8 - 2.6 <m, 1H); 

2.0 - 1.3 <m, 9H>; 

Mass spectroscopy: 155 (M + , 5%); 110 (M+-C00H, 100%); 
82 (75%) 

10 d) benzyl-2-az3bicycloC2.2. 23 oc t a ne-3-ca rboxy late 

0.9 g of 2-azabi eye LoC2.2.23octane-3-carboxy li c 
acid is added at -5°C to a mixture, prepared at -20°C, 
of 0.9 ml of thionyl chloride and 9 ml of benzyl alcohol. 
When the mixture has warmed up to room temperature it is 

15 allowed to stand for 16 hours, the benzyl alcohol is re- 
moved by distillation, the residue is stirred three 
times with diisopropyl ether and taken up in 5% strength 
sodium carbonate solution, the solution is extracted three 
times with methylene chloride and the extracts are dried 

20 over potassium carbonate and concentrated. 0.5 g of a 
pale yellow oil is obtained. 
1 H-NHR data: 

7.1 (s, 5H); 
5.0 (s, 2H); 

25 3.9 - 3.7 (m, 1H); 
2.8 - 2.6 (m, 1H); 
2.0 - 1 .3 (m, 9H) . 
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e ) Benzyl N -(1~S-carboethoxy-3-phenylpropyl)-S-alanyl -2- 
azabicycloC2.2.2]octane-3-S-carboxylate (diastereomer A1 ) 
and 

Benzyl N- (1 - S-c a rboe t h oxy-3- p henylpropyl)-S-alany l -2-aza - 
^ bicycloC2.2.2]octane-3-R-car b oxylate (diastereomer B1) 
0.57 g of N-(1-S-carboethoxy-3-pheny Ipropy D-S- 
alanine, 0.27 g of N-hydroxybenzot r i azo le , 0.57 g of 
benzyl 2-a za bi cy c lo C2 . 2 . 2Doc t ane-3-ca rbo xy I a t e and 0.41 g 
of di eye lohexy Icarbodi i mide are dissolved in 4 ml of di- 

10 methy If ornami de at room temperature, and the solution is 
stirred for 1 hour. It is diluted with ethyl acetate, 
the precipitated di eye lohexy lurea is filtered off and 
the filtrate is washed with water and saturated sodium 
chloride solution, dried over sodium sulfate and concen- 

15 trated. The resulting oil is chromatographed over silica 
gel using 1:1 eye lohexane/ethy I acetate as the mobile 
phase in order to separate the di astereomers. 
D i ast e reomer A1 : 0.27 g, Rf value: 0.19 
1H-NMR data: 

20 7.2 (s, 5H>; 

7.08 (s, 5H); 

5.1 (s, 2H): 

4.5 - 4.2 (m, 1H); 

4.1 (q, J = 7 Hz, 2H); 
25 3.9 - 1 .3 Cm, 16H); 

1.4 - 1.1 (d + t, J = 7 Hz, 6H) . 

D i ast e reomer B 1 : 0.26 g , R f value: 0.14 

1H-NMR data: 

7.2 (s, 5H); 
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7.05 (s, 5H); 

5.05 (s, 2H); 

4.5 - 4.2 Cm, 1H>; 

4.15 (q, J = 7 Hz, 2H>; 

3.9 - 1.3 Cm, 16H); - 

1 .25 (d+t, J = 7 Hz , 6H) . 



Example 2 

N-( 1-S-carboethoxy-3-ph e nylpropyL)-S-atanyL-2-azabi c yclo - 
C2.2.2 H octane-3-S-carboxy I i c acid hydrochloride 

0.27 g of benzyl M-(1-S-carboethoxy-3-pheny Ipro- 
pyl)-S-alanyl-2-azabi eye lo C2 .2 . 23octane-3-S-carboxy I at e 
(di a ste reoiae r A1) in 20 ml of ethanol is hydrogenated 
at room temperature and normal pressure using 50 mg of 
palladium on animal charcoal. The catalyst is filtered 
off, 2.5 N ethanolic hydrochloric acid is added to the 
filtrate and the mixture is concentrated. The resulting 
oil is taken up in a little methylene chloride and preci- 
pitated with isopropyt ether. A colorless powder, melt- 
ing point 185-195°C (decomposition), is obtained. 



1 H-NNR data CDMS0-d 6 ) 

7.25 (s, 5H); 

4.25 (q, 2H>; 

4.6 - 1.4 <m, 17H); 

1.38 (d, 3H, J = 7 Hz); 

1 .25 (t, 3H, J = 7 Hz) . 



Mass spectroscopy: 416 (K + , 1.5%); 294 (19%); 248 (11%); 
234 (100%) . 
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Examp Le 3 : 

N-(1-S-carboethoxy-3- p henylp ropy l)-S-alanyl-2-aza b i eye lo - 
C2.2.23octane-3-R-carboxylic acid hydrochloride 

0.26 g of benzyl N-(1 -S-carboethoxy-3-pheny Ipro- 
5 pyl)-S-alanyl-2-azabicycloC2.2.23octane-3-R-carboxylate 
(d i as t e reome r B1) in 20 ml ethanol is hydrogenatcd at 
room temperature and normal pressure using 50 mg of pal- 
ladium on animal charcoal as the catalyst. The catalyst 
is filtered off, 2.5 N ethanoLic - hydrochloric acid is 

10 added to the filtrate, the mixture is concentrated, tolu- 
ene is added to the residue and concentration is carried 
out again. The crystalline "residue is taken up in diiso- 
propyl ether and filtered off with suction, melting point 
196-198°C. 

15 1H-NHR data (DMS0-d 6 ): 
7.22 (s, 5H); 

4.2 (q, J = 7 Hz, 2H>; 

4.6 -1.4 (m, 17 H); 
1 .4 (d, J = 7 Hz, 3H>; 

20 1 .26 (t, J = 7 Hz, 3H); 

Mass spectroscopy: 416 (M + , 0.5%); 294 (100%); 248 (56%); 
234 (90%). 
E xample 4 

Tert. -bu tyl 2-az abicyc loC2. 2 .23o c tanc-3-carboxy l at_e_h^dro- 
25 chloride 

A solution of 1.1 g of 2-azab i cy c loC2 . 2 . 23oc t ane- 
3-carboxylic acid in 10 ml of dioxane is cooled to -10°C 
and -1 ml of concentrated sulfuric acid and 5 g of iso- 
butylene are added. The^reaction mixture is slowly warmed 



to 20 to 25°C in an autoclave and is stirred at this 
temperature for 20 hours. The mixture is poured into ice 
cold -50% strength aqueous sodium hydroxide and extracted 
with methylene chloride. The combined organic phases are 
5 washed with water, dried with sodium sulfate and concen- 
trated, the residue is dissolved in ether and gaseous 
hydrogen chloride is passed into the solution. The pro- 
duct is filtered off with suction. 0.8 g of the title 
compound is obtained. 
10 1H-NMR data (DMS0-d 6 ): 
3.9 - 3.6 Cm, 1H); 
2.9 - 2.6 (m, .1H); i 

2.0 - 1.3 Cm, 9H); 
1.3 (s, 9H). 

15 Example 5; 

Tert. -butyl N-(1-S-c a rboethoxy-3-phenylpropyl)-S-alan yl- 

2- a zabicycloC2.2.2] o ctane - 3-S-ca rb oxylate 
(di astereomer AS ) 

0.23 of the title compound is obtained, as a 
20 colorless oil, analogously to the procedure of Example 1 
from 0.5 g of tert. -butyl 2-azabi eye loC2.2.21oct ane-3- 
carboxylatc hydrochloride, 0.57 g of N-U-S-carboethoxy- 

3- pheny Ipr opy I) -S-a lani ne, 0.27 g of N-hydroxybenzo t r i - 
azole and 0.41 g of di cy c loh e xy I ca rbod i i mi de, with the 

25 addition of 0.23 g of N-et hy I mo rpho I i ne • 
1 H-NMR data: 

7.1 (s, 5H); 
4.5 - 4.1 (m, 1H>; 

4.1 (q, J = 7 Hz, v 2H); 



3.9-1.9 (m, 16 H); 

1.3 (s, 9H>; 

1.2 (d+t, J = 7 Hz, 6H) . 

Example 6 

5 N-d-S-carboethoxy- S -phenylpropyO-S-alany l" 2-azabi ey e lo- 
C2.2.2]octane-3-S-carboxylic acid hydrochloride . 

0.28 g of the tert. -butyl ester from Example 5 
is dissolved in 1.5 ml of t r i f luoroacet i c acid and the 
mixture is stirred for 3 hours at 0°C. The trifluoro- 

10 acetic acid is removed by evaporation in vacuo, toluene 
is added and the mixture is concentrated again. The mix- 
ture is filtered through a short silica gel column using 
10:1 methylene ch lori de/et hano L as the mobile phase, aci- 
dified with ethanolic hydrochloric acid and concentrated. 

15 The residue is dissolved in a little methylene chloride, 
and the title compound is precipitated with diisopropyl 
ether. This gives 0.21 g of a compound identical with the 
compound from Example 2. 
Exa mple 7 

2 0 N- (1 -S- c a rboxy-3 -p hen y I prop y I) -S-a lan y l-2-azabi e ye lo - 
C2.2.23 o ctane-3- S- carboxylic aci d 

Two equivalents of potassium hydroxide and a 10% 
excess of 4N potassium hydroxide solution are added to a 
solution of 0.2 g of N- (1 ~S-c a rboet hoxy-3-pheny Ip ropy I ) - 

25 S-a lany I -2-azabi eye loC2 . 2 . 23 oc t ane-3-S-ca r boxy I i c acid 
hydrochloride in 2 ml of water. After stirring for 8 
hours at 20 to 25°C, the pH of the reaction solution is 
adjusted to a value of 4 with 2N hydrochloric acid and 
the mixture is concentrated in vacuo. The residue is 
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taken up in ethyl acetate and the salt which has been pre- 
cipitated is filtered off. The ethyl acetate solution is 
concentrated and the residue is triturated with diisopro- 
pyl ether and filtered off with suction. 
1H-NMR data: 

7.1 (s, 5H); 
4.4 - 4.0 (m, 1H); 
3.9 -1.3 Cm, 16H); 

1.2 <d, 3H). 
Example 8 

Tert .-butyl N- ( 1 -S-c a rboet ho xy-3-ph eny l-3-6xopro py I) -S- 
alanyl-2-azabicvcloC2.2 . 21 oct ane-3-S-ca rboxy lat e 

0.24 g of tert. -butyl 2-azabi eye loC2.2.23octane- 
3-carboxylic acid hydrochloride is dissolved, together 
with 0.14 g of 1 -hydroxybenzot r i azo le, 0.29 g N-(1-S-car- 
boethoxy-3-pheny L-3-oxopropy I ) -S-a lani ne , 0.22 g of di- 
cyclohexy Icarbodi imide and 0.12 g of N-ethy Imorpholine, 
in 3 ml of DMF, and the solution is stirred for 3 hours 
at 20°C. The mixture is diluted with ethyl acetate and 
filtered, and the filtrate is washed twice with water, 
dried and concentrated. The residue is ch romatographed 
over silica gel using 1:1 eye lohexane/et hy I acetate as 
the mobile phase; 0.16 g of the title compound is obtained-. 
1H-NMR data: 

8.2 - 7.1 (m, 5H>; 
4.7 - 4.1 (m, 1H); 

4.1 (q, J = 7 Hz, 2H>; 

3.9 - 1 .3 (m, 14H) ; 

1.3 * (s, 9H>; 
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1 .2 (d+t, 6H) . 

Example 9 

N-(1-S-carboethox y -3-phen yl-3-oxopropyl)-S-alanyl-2-aza - 
bicycloC2, 2 .23octa n e-3-S-carboxylic acid hydroc h lorid e 
5 0.16 g of the compound from Example 8 is reacted 

analogously to the process of Example 6 with 2 ml of tri- 
fluoroacetic acid to give 0.12 g of the title compound. 
1 H-NMR data (DM$0-d$) : 
8.1 - 7.2 (m, 5H>; 
10 4.7 - 4.1 Cm, 1H>; 

4.1 (q/ J = 7Hz, 2H); 

3.9 - 3.1 (m, 14H); 
1.2- (d+t, 6H) . 

Example 10 

1 5 N-(1-S-carboxy-3-pheny l-3-ox opropy l)-S-a I any l - 2-azabi - 

eye lo C2. 2. 2] oct ane-3-S-carboxy li c acid 

0.19 g of the compound from Example 9 is reacted 

with 2.2 equivalents of potassium hydroxide analogously 

to the procedure described in Example 7. 
20 1H-NMR data: 

8.1 - 7.2 Cm, 5H>; 
4.7 - 4.1 (m, 1H); 
3.9 - 3.1 (in, 14H); 

1.2 (d, J = 7 Hz, 3H) . 
2 5 Example 1J_ 

Tert.-butyl S-a l a n y I- ?.-aza bi ey e loC2 ,2 »2] octane -3 - S- car - 
box y la te 

a ) tert . -butyl M -m e thy Isulfo n ylet hoxycar b nyl(HS C )-S - 
. alanyl-?-aza b icycloC2. 2. 21 oc t ane-3-S-c a rboxyjarg 
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6.7 g of 1 -hydroxybenzot riazole and 14.0 g of 
tert. -butyl 2-azabicycloC2.2.23octane-3-carboxylate are 
added to a solution of 10 g of MSC-ala-OH in 50 ml of di- 
methy If ormamide. The pH is adjusted to a value of 8.0 
with N-ethy Imorpholine. The mixture is cooled in an ice 
bath 'and 10.5 g of di eye lohexy I ca rbodi i mi de .. are added. 
The mixture is stirred at 20 - 25°C for 15 hours. The 
precipitated urea is filtered off with suction, the filt- 
rate is concentrated in vacuo and the residue is taken up 
in ethyl acetate. The organic phase is washed succes- 
sively with potassium bisulfate solution, potassium bicar- 
bonate solution and sodium chloride solution and is dried 
and evaporated. The residue is chromatographed over sil- 
ica gel using 1 : 1 e t h y I acetate/cyclohexane. 
Yield: 10 g 
1H-NMR data: 
4.8 - 3.8 (m, 2H>; 

3.8 - 3.1 (m, 5H); 
3.0 <s, 3H); 

2.9 - 1.2 Cm, 9H); 
1.4 Cs, 9H>; 

1.2 <d, J = 7Hz, 3H) . 

b > tert.- b utyl S-alanyl-2-a za bicyc l oC 2 , 2.23 o et a ne-3^S- 
ca rboxy lat e 

2.0 g of the compound from Example 10 a arc dis- 
solved in 15 ml of methanol and 1.5 ml of water. The pH 
is adjusted to 13 with 2N sodium hydroxide solution, and 
the mixture is stirred at room temperature for 2 hours. 

It is then neutralized with 2N hydrochloric acid, the 

1. 
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methanol is removed by evaporation in vacuo, the aqueous 
phase is extracted with ethyl acetate, and the ethyl ace- 
tate solution is washed with water, dried and concent rated. 
The residue is filtered through silica gel using ethyl 
5 acetate as the mobile phase. 
Yield: 0.8 g 
1H-NHR data: 



4.7 - 


4.2 


(m, 


1H); 


3.9 - 


3.3 


(m, 


2H) ; 


10 2.9 - 


1 .2 


(m, 


9H) ; 


1.4 




<s, 


9H) ; 


1.2 




<d, 


J = 7Hz, 3H>: 



Example 1 2 

Tert ,-b u tv I N-(1-S-carboethoxy- 3- oxo-3-pheny Iprooy D- S- 
1 5 a lany l-2-azabi eye loC2 .2 .23o c t ane - 3-S-carboxy late 

5 mmoles of the compound from Example 11 b are 
dissolved, together with 5 mmoles of ethyl 3-benzoy I ac r y L- 
ate and 5 drops of t r i et hy Lami ne, in 50 ml of anhydrous 
ethanol, and the mixture is stirred at 20 to 25°C for 
20 24 hours. It is evaporated to dryness and the residue 

is taken up in ethyl acetate. The ethyl acetate solution 
is then washed with water, dried and evaporated. The mix- 
ture of diastereomers is chromatographed over . silica gel 
using ethyl acetat e/cyc lohexane as the mobile ph«se. The 
25 1 H-MHR data agree with the data of the compound from Ex- 
ample 8. 
Examp le 13 

tert. -b utyl M- (1 -S-ca rb oet hpxy-3-p heny lpr cpyl )-S -a lanyj- 
2-a zabi c ^c Lo £ 2_. 2.2 3oct a ne v -5-S-carb oxy late 
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5 mmoles of tert. -butyl S-a lany l-2-azabi eye lo- 

C2.2.23octane-3-S-carboxy late are dissolved in 15 mL of 
anhydrous ethanoL. The pH of the solution is ad- 
justed to 7.0 with ethanolic potassium hydroxide, and 
5 0.7 g of pulverized molecular sieve (4 %) followed by 
5 mmoles of ethyl 2-ke t o-4-pheny Ibutyrate is added. A 
solution of 0.6 g of sodium cyanoborohydr i de in 6 ml of 
anhydrous ethanol is added dropwise slowly. After a 
reaction time of 20 hours at 20 to 25°C, the solution 
10 is filtered and the solvent is removed by distillation. 
The residue is taken up in ethyl acetate/water. The . 
ethyl acetate phases are evaporated and the residue is 
chromatographed over silica gel using 1:4 ethyl acetate/ 
cyclohexane. 

15 The 1 H-NMR data agree with the data of the com- 

pound from Example 5. 
Example 14 

Tert. -butyl N- ( 1 -S-ca rboet hoxy-3-ph eny 1-3 -ox op ropy I) - S- 
a lan y l-2-azabi eye loC 2.2 x 23oct a ne-3-S-carboxylate 

20 10 mmoles of ace tophenone, 10 mmoles of ethyl 

glyoxylate and 10 mmoles of t e r t . -bu ty I S-a I any l-2-aza- 
bicyc loC2.2.23octane-3-S-carboxy late in 30 ml of glacial 
acetic acid are heated at 45°C for 36 hours. The mixture 
is concentrated in vacuo, and the residue is neutralized 

25 with sodium bicarbonate solution and extracted with ethyl 
acetate. The ethyl acetate phase is concentrated and 
chromatographed over silica gel using 1:1 ethyl acetate/ 
eye lohexcine as the mobile phase. The NMR data agree 
with the data of the compound from Example 8. 
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Example 1 5 

N-(1-S-carboetho xy-3 -R, $-hyd roxy-3-phen y lpro p yl)-S-a lany I - 
2-azabicycloC2.2.23octane-3-S-carboxylic acid 

0.5 g of N-(1-S-carboethoxy-3-oxo-3-pheny Lpropy U- 
5 S-alanyl-2-azabicycloC2.2.2Doctane-3-$-carboxylic acid is 
dissolved in 5 ml of aqueous ethanol and 0.1 g of sodium 
borohydride is added. The mixture is stirred at room tem- 
perature for 14 hours. Ethyl acetate is then added, and 
the ethyl acetate solution is washed with water, dried 
10 and evaporated. The crude product is filtered through 

silica gel using 9:1 ethyl acetate/methanol as the mobile 
phase. 

Yield: 0.3 g. 
1H-NMR data: 
15 7.3 - 6.9 (m, 5H); 
5.4 (t, 1H); 

4.7 - 4.2 (m, 1H); 
3.9 - 1 .3 (m, 14H); 

1.3 (d + t, 16H). 
20 Ex ample 16 

2-AzabicycloC 2 .2.23oct a ne- 3 -car b oxylic acid 

a ) butyl 2- (p- tolucn eculfony l)-2- £ ;:abicy c loC2.2. 23 oct-5 - 

enecarbo x ylate 

28 g N-Cbutoxycarbonylmethylene3-p-loluenesulfon- 
25 amide and 10 g of eye lohexadi ene in 50 ml of toluene are 
heated at 80°C for 12.5 hours. After cooling, the mix- 
ture is concentrated. 
1H-NMR data: 

7.4 - 6.9 , (m, 4H); 



5,6 - 4.2 (m, 4H); 

4.1 (t, J = 7Hz, 2H); 

2.3 Cs, 3H); 

2.4 - 1 .2 <m, 7H); 
5 1.0 (t, 3H). 

b) 15 g of the compound from Example 16 a in 200 ml of 
ethyl acetate are hydrogena t ed at room temperature and 
normal pressure using 0.5 g of* 10% strength palladium on 
charcoal. The catalyst is filtered off and the filtrate 

10 is concentrated. 
1H-NMR data 

7.4 - 6.9 (m, 4H>; • 
5.3 - 4.2 (m, 2H); 
4.1 (t, 3H>; 

15 3.9 - 3.3 Cm, 1H>; 

2.3 <s, 3H>; 

2.4 - 1 .2 (m, 11H); 
1.0 (t, 3H). 

c ) 2-azabicycloC2.2,2]octa n c-3-ca r boxylic acid 

20 4 g of the compound from Example 16 b, together 

with 1.2 equivalents of K0H in 20 ml of water, are warmed 
at 60°C for 4 hours. The mixture is neutralized with 
1N HCl and concentrated. 50 ml of liquid ammonia, and 
sufficient sodium for the blue color to remain, are added 

25 to the residue. After 3 hours at -30°C, anhydrous sodium 
acetate is added until the color disappears. The ammonia 
is removed by evaporation and the crude product is puri- 
fied on an acid ion exchanger column. The analytical data 
agree with those of the compound from Example 1 c. 



Example 17 

2-A z abi eye LoC2 .2 .23oct ane-3-carboxy Lie acid 
a ) methyl 2-benzy Loxycarbony 1-2 -azabi eye loC2 . 2.23 oct-5 - 
ene-3-carboxylate 
5 4 ml of boron t r i f luo r i de-e t h e ra t e are added, white 

stirring, to a mixture of 20.2 g of methyl N-benzyloxy- 
carbony l-2-met hoxyg ly c i ne and 60 ml of toluene. 8 mi of 
eye lohexadi ene in 16 ml of toluene are added dropwise at 
80°C. After 1.5 hours at 80°C the mixture is cooled 
10 and poured into 100 ml of an aqueous solution of sodium 

bicarbonate, and the toluene phase is dried over magnesium 
sulfate and concentrated and the residue is chromatographed 
over silica gel using 2:1 petroleum ether/ether as the 
mobile phase. 10.6 g of the title compound are obtained 
15 in the form of an exo/endo-rni xture. 

b) net hy I 2-azabi cy c loC2 . 2 . 21 oc t ane-3-ca rbo x y I a t e 

5.4 g of the compound from Example 17 a in 200 ml 
of ethyl acetate are hydrogenated at room temperature and 
normal pressure using 0.5 g of palladium on animal char- 
.20 coal fis the catalyst. When 2 moles of hydrogen have been 
taken up, the catalyst is filtered off and the filtrate 
i s concent rated. 
Yield: 3.4 g. 
1H-KMR data: 
25 3.9 (s, 3H>; 

3.8 - 3.5 Cm, 1H>; 

2.9 - 2.6 Cm, 1H>; 
2.0 - 1 .3 • Cm, 9H> . 

The following ccwounds were also prepared by the 
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processes described in Examples 1 e and 2, using the 
appropriate starting materials: 
Example 18 

N-(1-S-carboethoxy-3 - cycloh e xylpropy l )-S-alanYl-2-azabi - 
5 cycloC2.2.23octane-3-$-carboxylic acid hydrochlo r ide 

1H-NMR data CDMS0-d 6 ): 4.2 (q, 2H) 

4.6 - 1 .4 <m, 28H) 
1.4 <d, 3H, J = 7Hz) 

1.25 Ct, 3H, J = 7Hz> 

10 m/e: 422 CM + , 1%) 
Example 19 

N-(1-S-carboethoxy-3-cyclopeoty l propy l )-S-al<->nyl-2-aza - 
bi eye loC2 .2 . 23oct ane-3-S-ca rboxy I i c acid hydroch lor ide 
1H-NMR data <0MS0-d 6 ) : 4.25 <q, 2H) 

15 4.5-1 .4 <m, 26H) 

1.35 <d, 3H, J = 7Hz) 

1 .28 <t, 3H, J = 7Hz) 

m/e: 408 <M + , 1%) 
Example 20 

2 0 jj- M -S-ca r boe thox y-^^-dj me thy Ipenty I) -S-a lany l- 2-azab i- 
cyc loC2 . 2 . 21 oct ane-3-S-ca rboxy li c ac i d hydro chloride 
•1H-HMR data (DMS0-d o ) : 4.2 <q, 2H) 

4.6 - 1 .4 (m, 17H) 
1 .32 (t, 3H, J = 7Hz) 

25 1 .25 (d, J = 7Hz, 3H> 

1.05 (s, 9H> 

m/e: 396 CM + , 1.7%) 
Exs pple 21 

H-(1-S-carboethoxy-3-(2 r 6-dime thy I phony I) -p ropy I > - S-a lany I- 
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2-a zabi cy c lo C2 , 2 . 23oc t ane-3-S-c a r boxy I i c acid hydrochloride 



1H-NMR data (DMS0-d 6 ) 



7.3 - 7.0 
4.25 

4.6 - 1.4 
2.3 
1 .35 
1 .32 



(m, 3H) 

(q, 12H) 

<m, 17H) 

<s, 6H> 

<d, J ■ 7Hz, 3H) 

Ct, J = 7Hz, 3H) 



m/e: 444 (M + , 1.2%) 
Example 22 

1 0 N-(1-S-carboethoxy-3-(4-m e thoxyphenyl)-propyl)-S-alany l- 

2-aza bi cy c loC2 . 2. 2 3 octane-3- S -ca rboxy I i c acid hy drochlor ide 



1H-NMR data (DMS0-d 6 ): 



15 



7.1 - 6.5 
4.25 

4.6 - 1.5 

3.6 

1.3 



(m, 4H) 
(q, 2H) 
(or, 17H) 
(s, 3H) 
<d+t, 6H> 



m/e: 446 CM + , 0.4%) 
Example 23 

M-d-S-carboethoxy-S-O^-dimethoxyphe ny O-propyO-S - 
2 0 a lany L - ?. - a ?. a hiryclo(! 2. ?. .23oct ane- 3-S- c arboxylic ocid 
hydrochlorid e 



1H-MMR data (D"i$0-d 6 ) : 



25 



7.0 - 6.3 
4.2 

4.5 - 1.4 

3.7 

1.3 



(m, 3H> 
(q, 2H) 
(tn, 17H) 
<s, 6H) 
(d+t, 6H) 



m/e: 476 (M , 0.6%) 

Exam ple 24 

H- (1-S-ca rbocthoxy-3 - (4-f luoro pheny l )-propyl)-S--> l anyl - 
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2-azabicycloC2.2.2]octane-3-S-carboxylic acid hydrochloride 
1H-NMR data (DHS0-d 6 ): 7.3 - 6.9 Cm, 4H) 

4.3 Cq, 2H) 

4.4 - 1 .4 (m, 17H) 

5 1 .35 <t, J = 7Hz, 3H) 

1 .2 <d, J = 7Hz, 3H) 

m/e: 434 (M + , 0.7%) 
Example 2 5 

N-(1-S-carboethoxy-3-(2,6- d i ch loropheny l)-propy l) - S-alany l- 
1 0 2-azabi eye loC2 . 2 . 23 oc tane-3-S-c a rb oxy li c acid h ydroch loride 
1 H-NMR data <DMS0-d 6 ) : 7.4 - 7.0 (m, 3H) 

4.2 <q, 2H) 

4.5 - 1.4 Cm, 17H) 

1.3 (d+t, 6H> 

15 m/e: 484 (M + , 0.2%) 
Example 26 

N-(1-S-carboethox y- 3-(3,4-rccthy lened i oxyph eny l)-propy I ) - 
S-al?nyl-2- azabicycloC2.2.23oct anfi-3-S-carboxy lic acid 

hydrochlorid e 
20 1H-NMR data <DKS0-d 6 ) : 7.0 - 6.2 (m, 3H> 

4.25 <q, 2H) 

5.0 <s, 2H) 

4.4 - 1.5 <ra, 17H) 
1.3 (d+t, 61!) 

25 m/e: 460 CM + , 0.4%) 
Example 27 

N- (1-S-ca rboethox y-5- pheny Ipropy l)-0- ethy 1-S-txroiXiri" 
jzabjcyc loi:2.2 .2 1oct ane-3-$-carboxyt ic acid hy d rochlor.ide 

1H-NHR data (DMS0-d O ). v 7.2 - 6.5 Cm, 9H) 
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4.2 <q, 2H) 

4.3 - 1 .4 (m, 21H) 
1.3 <2t, 6H) 

m/e: 536 (M + , 0.3%) 
Example 28 

N-(1-S- c a rboethoxy-3-pheny I p ropy I) -0 -me thy L-S-tyrosy 1-2 - 
az abi c y c loC2 . 2 . 2 3 o ct ane-3-S-ca rboxy I i c acid hydrochlorid e 
1H-NMR data (DNS0-d o ) : 7.2 - 6.4 <m, 9H) 

4.2 <q, 2H) 

4.3 - 1.4 (m, 19H) 
2.3 <s, 3H) 
1.3 (t / 3H> 

m/e:" 522 CM + , 0.1%) 
Example 29 

N- (1-S-c ar boet hoxy-3-cycloh exy I pr opyl) -O-ejth^l^rt^rosj^l- 
2-azabi e ye I oC2 . 2 . 23oct a ne-3-S-ca rbox y li c aci d hydrochlorid e 
1H-NMR data <DMS0-d 6 >: 7.2 - 6.5 Cm, 4H) 

4.25 Cq, 2H) 

4.3 - 4.14 Cm, 32H) 
1.3 C2t, 6H) 

m/e: 542 CM + , 0.2%) 

Example 30 

N- ( 1 -S-carboe t ho - c y c I o h e x y I p r o p y I ) •* S- 1 y s y I -2 -a z abl~ 
cy c loC 2 ♦ ?. , 2 lor.t on?-3 -S-ca rboxy I i c acid hyd'roc hlc - _id_e 
1H-NMR data (DMS0-d 6 ) : 4.2 (q, 2H> 

4.3 - 1 .4 Cm, 39H) 
1.3 Ct, 3H) 

m/e: 479 <n + , 0.1%) 
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Example 31 

N-(1-S-carboxy-3-cyclohexy Lp ropy L) -S- lysy l-2- azabi eye lo 
C2.2.23 octa n&-3-S-carboxy lie acid 
rn/e: 451 CM + , 0.1%) 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 



1. A compound of the formula I 




n denotes 0 or 1, 

R denotes hydrogen, (C-j to C^)-aLkyL or aralkyl 
having 7 to 9 carbon atoms, 

R^ denotes hydrogen or (C*j to.C^-alkyl which 
can optionally be substituted by amino, (Cj to C^)- 
acylamino or benzoy I ami no, to C^)-alkenyl, 

(C 5 to C 9 )-cycloa Iky I, CC5 to C9) -eye loa I keny I , 
(C 5 to C 7 )-cycloalkyl-(C 1 to C 4 )-alkyl, CC 6 to 
C 1Q )-aryl or partially hydrogenated (C 6 to C 1Q )- 
aryl, each of which can be substituted by (C<j to 
C^)-alkyl, (C-j or C2)-alkoxy or halogen, (C$ 
to C 1 Q>-ary l-(C 1 to C^-alkyl or (C 7 to C-j-j).- 
aroyl-(C-j to C^-alkyl, both of which can be sub- 
stituted, as defined above, in the aryl radical, 
a monocyclic or bicyclic heterocyclic radical hav- 
ing 5 to 7 or 8 to 10 ring atoms, 1 to 2 ring, 
atoms of which represent sulfur or oxygen atoms 
and/or 1 to 4 ring atoms of which represent nitrogen 
atoms, or an optionally protected side chain of 
a naturally occurring ,\rsminoacid, 

R 2 denotes hydrogen, (C- to C / )-alkyl, (C to C } ~ 
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alkenyl or (C 6 to C ^ 0 > -a ry I- (C 1 to C 4 )-alkyl, 

Y denotes hydrogen or hydroxyl, 
Z denotes hydrogen or 

Y and Z together denote oxygen and 

X denotes <C 1 to C 6 >-alkyl, <C 2 to C 6 )-alkenyl, 
(C 5 to C 9 )-cycloalky I or (C 6 to C 1Q )-aryl, which 
can be monosubs t i tut ed, di subs t i tuted or trisub- 
stituted by (C-| to C^-alkyl, (C-j to C^-alkoxy, 
hydroxyl, halogen, nitro, amino, (C^ to C^-alkyl- 
amino, di-(C 1 to C4) - a L ky I ami no and/or methylene- 
dioxy, or denotes 3-indolyl, 
and also physiologically acceptable salts thereof. 

2. A compound of the formula I as claimed in claim 
1, wherein the carbon atom in position 3 of the bicyclic 
ring system and the carbon atoms, marked with a star in 
the side chain have the S-conf i gur at i on in each case. 

3, A compound of the formula I as claimed in claim 1 
or 2, in which 

n denotes 1, 

R denotes hydrogen or <C 1 to C^-alkyl, 
R 1 denotes hydrogen, (C^ to C3>-alkyl, the opti- 
onally acylated side chain of lysine, (C2 or C3)- 
alkenyl, benzyl, the. 0-CC-, to C^)-a Iky lat ed side 
chain of tyrosine, phenethyl, A-aminobutyl or benz 
oy Imet hy I, 

R 2 denotes hydrogen, (C-j to C/ f )-alkyl or benzyl 
and 

X denotes cyclohexyl or phenyl which can be mono- 
substituted or \Hsubsti tuted or, in the cas of 
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methoxy, t r i subs t i t ut ed by (C-j or C 2 )-alkyl, (C-j 
or C2^"aLkoxy / hydroxyl, fluorine, chlorine, 
bromine, amino, (C<j to C ^) -a L ky I ami no, di-(C^ 
to C4) -a Iky lami no, nitro and/or methy lenedioxy . 
4. A process for the preparation of a compound of 

the formula I as claimed in any of claims 1 to 3, which 
compr i ses 

a) reacting a compound of the formula II 



Y 
I 

HO^C-CH-NH-CH- (CH n ) -C-X 

I, I 2 I 

R C0 2 R Z 



(II), 



in whi ch 



1 2 

n, R , R , X, Y and Z have the same meaning as in 
formula I, 
with a compound of the formula III 




(III), 



in which 

W denotes hydrogen or a radical which can be split 
off under acid conditions or by hydrogeno lysi s, 
and, if appropriate, subsequently splitting off W and/or 
R 2 with the formation of the free carboxyl groups, or 
b) in order to prepare a compound of the formula I in 
which Y and Z together denote oxygen, 
b-j) reacting a compound of the formula IV. 
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CO-CH-NH- 

It 

in which R 

has the same meaning as in formula I and 
U has the same meaning as in formula III, 
with a compound of the formula V 

R 2 0 2 C-CH=CH-C0-X (V), 

in which 

R 2 and X have the same meanings as in formula I, 
and, if appropriate, subsequently splitting off W and/or 
R 2 with the formation of the free carboxyl groups, or 
b 2 > reacting a compound of the formula IV mentioned 
under b-j) with a compound of the general formula VI in 
which R has the same meaning as in formula I, and with 
a compound of the general formula VII 

0HC-C0 2 R 2 X-CO-CH3 

(VI) (VII) 

in which 

X has the same meaning as in formula I,' 
and, if appropriate, subsequently splitting off W and/or 
R 2 with the formation of the free carboxyl groups, or 
c) in order to prepare a compound of the formula I in which 
Y and Z each denote hydrogen, reacting a compound of the 
formula IV mentioned under b<|) with a compound of the 
formula VIII , 
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C0 2 R 2 



o « c 



(VIII), 



CH 2 -CH 2 -X 



in which 



and X have the same meanings as in formula I, 
reducing the resulting Schiff's base and, if appropriate, 
subsequently splitting W and/or with the formation 
of the free carboxyl groups, or 

d) in order to prepare a compound of the formula I in which 
Y denotes hydroxyl and 2 denotes hydrogen, reducing a 
compound of the formula I in which Y and Z together de- 
note oxygen with a complex bbranate or a borane-amine 
complex, 

converting, if appropriate, a compound of the formula 
I which has been obtained in accordance with a) to d) and 
in which R represents hydrogen, into an ester of the formul 
I in which R denotes (C 1 to C 6 )-alkyl on (C 7 to C 9 )-a/-al- 
kyl, and, if appropriate, converting a compound of the 
formula I into its physiologically acceptable salt. 

5. The use of a compound as claimed in any of claims 
1 to 3 as a medicine. 

6. A compound as claimed in any of claims 1 to 3 for 
us'.e as a medicine. 

7. An agent containing a compound as claimed in any 
of c lai ms 1 to 3 . 

8. A compound of the formula III in which W has the 
meaning defined in claim 4. 

9. A process for the preparation of a,, compound of the 
formula III as claimed ir\ claim 8, which comprises 



- 43 - 

a) saponifying a compound of the formula IX 




(IX), 



in which O 

R 3 represents a (C-j-C 6 )-atkyl, a ry I- (C-j -C 3 ) -a Iky I, 
phenyl, 4-methoxypheny I or 4-ch loropheny I radical, 
by means of an alkali metal hydroxide or alkaline earth metal 
hydroxide, in water or mixtures thereof with an organic 
solvent, and, if appropriate, esterifying the resulting 
aminoacid (IXI/U = hydrogen) in accordance with customary 
methods, of aminoacid chemistry, or 
b) reacting a compound of the formula X 



in whi ch 




C0 o R 



4 



(X), 



denotes a (C 1 to C^)-alkyl or a ry I- ( C-j -C3 ) -a Iky I 



radi ca I and 



R** denotes a phenyl, methyl, (C-j to C/^-alkoxy 
or aryl-(C-j to Cj^alkoxy radical, 
with on alkali rr.etal hydroxide or alkaline earth metal 



hydroxide under the conditions of variant a) and, if 



appropriate, esterifying the resulting aminoacid (III, 



W = hydrogen) , or * 



c) ' reacting a compound of the formula XI 



- 44 - 



in wh i c h 




has the same meaning as in formula X and 
R 6 represents a phenyl, 4-met hy Ipheny I or 4- 
chlorophenyl radical/ 
first with an alkali metal or alkaline earth metal, in 
Liquid ammonia at -60°C to -10°C, and then with an alkali 
metal hydroxide or alkaline earth metal hydroxide at 20° 
to 120°C, in particular 60 to 100°C, and, if appropri- 
ate, esterifying the product', or reversing the sequence 
of the reaction stages described, 

10. The use of a compound as claimed in any of claims 
1 to 3 as a medicine in combination with a diuretic. 

11. An agent containing a compound as claimed in any 
of claims 1 to 3> .in combination with a diuretic. 

DATED this 5th day of July 1983. 
HOECHST AKTIENGESELLSCHAFT 

EDWD. WATERS & SONS 
PATENT ATTORNEYS 
50 QUEEN STREET 
MELBOURNE, VIC. 3000. 



